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Summary
During this reporting period work has continued on the thermal analysis
and on detemination of thermophysical progerties of the";elected materials.
A prcmising apparatus for measuring thermal conductivity of liquids is describe.i.
Some interesting property data was obtained on normal paraffin and is dis-
cussed in this text,
Octadocane was received from the vendor on 1 July, test work was not per-
formed on this macerial during this period.

Thermal Analysis

Work was continued on Parts 1 and 3 of the analysis as described in list
month's report. Bamphasis was placed on Part 1 which is essentiaily complete.

Part l Steady State Performance of Radiative Fin

The predictiorn of radiative fin's temperature distribution was checked by
two analytical methods as presented in last month's report. The hand calculation
analytical technique based on the article by J.W. Tatom, ARS Jouransl, Januvary 1960,
was selected in preference to the digital computer technique for this program be-
cause of the cmall number of fins required to analyze. The results of this analysis‘
are presented in Figures 1 thru 4.

The fin steady statz temperature distribution, Figure 3, and fin heat rejec-
tion, Figure 4, are the input parameters required for Part 3 of the analy:is,

Figure 1 comperes the selected fin thickness, .05 inch, with the theoretical

minimal weight thickness for the three selected fin lengths (4", 8" and 12v)
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that were analvzed. The theoretical minimum weight thickness for thne zselected
fi1 Yengths are apparently pelow structural requirements for a spacecratt's
extericr skin with clectronic gear directly mounted and, thercfore, -he .05 inch
thickness was selected. The azssumed fin material is alumirum with & mean thermal
conauvctivity of 120 BTU/HR-FT-°F and a surface coating having an infrared emis-
sivity of 0.90. BRoth of these heat transfer properfics are representative of
spacecraft materials used.

Figure 2 presents the resulting radiating fin's t.ip temperature as a function
of tin length and roct temprrature. The four root temperatures selected are the
melting points of the selected fusible materials. 3By using these melt temperatures
as a starting point for the transient analysis, both the steady state fin tempera-
ture distribution and heat rejection capability can be predicted. It <liould be
noted that the highest roct temperature analyzed is 115°F, which is the measured
melt temperature of the purchzsed Camphene, rather than 122°F stated in the

iterature.

Figure 3-a, -b, -c and -d presents fin temperature distribution for fin
lengths of 4, 8 and 12 inches with the above root temperatures. Inclduing a
fusible material under the fin will not significantly effect the longitudiral
steady state temperature distribution with the fusible material below the melt
point. This is because the ratio of themmal conductivity of aluminum to fusible

material is:

and tne thickness 1atio will be less than:

al .05 = .1
f.mat. <: 5

or the overall thermal resistamnce:

~

Ral = _l_
Y 100
fumata -3-
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Figure 4 presents the radiator tin performance for the selected configurations.

The steady state heat rejection (qR) of the radiating fin 1s plotted as a func~

- ron of fin length and root temperature. The fin effectiveness is presented

in the same manner.

Part 3 Analysis of a Heat kejecting Fin With Attached Fusible Materiai

Cebugging of the digital computer program for this analysis continued., It
was found that the node array was coo extensive to allow the required real time
analysis to be performed with a rcasonable amount of machine time. The program
is being reworked to reduce machine time and still maintain a stable trensient
analysis. The revised parts o. the program require additional corrections and
cBackout.

Thermcohysical Properiies

Normcl Paraffins - A review of normal paraffins shows attractive propertlies

for their use as thermal control fusible materials. Thess include higl heats of
fusion, selective melting temperatures and chemical inertness. The n-paraffins
with an even number of carbon atoms from 14 to 30 cover the melt temperature

range of interest, 40-150°F, Figure 5-a. These materials have a heat of fusion

53

ranging from 98 1b. 109 BTU/lb., Figure 5~b. Two of the materials selected for

this study are in this group, n-Hexadecane, C16H34’ and n-Octadecane, CI8H38'

Tetradecane, C14H30, Eicosane, uonqz, and Octacosane, C, H

oglizgs 3T€ in this group

and listed as available in‘Baker's Organic Laboratory Chemical Ca:alog. Camphene
(Melt Pt 35-45°C), $2.20/500g was selected over Eicosane {(Melt Pt 36-38°C),
§17.85/100g, initially because of the relative price ratic of 1:40 and apparent

equality in thermal properties. Both Camphene and Formic Acid have, on test,

shown some undesirable properties for subject application as discussed under

Experiments, Property Determination. Substitution for Campnene and/ot Formic Acid

by suitable n-paraffins is considered.

-7-
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Additional data on the availability, cost and difficulty of producing the

normal paraffins of interest will be cbtained.

Erxperimental Property Determination - The volume occupied by the material

at various temperatures both irn the solid and liquid states as 'well as tle rapid
change of volume which takes place wnen changing phase at the melting puint are
of critical importance for this application. A literature search revealed that
density data were available for all of the materials in the liquid state except
Cemphene,but literature on soiid densities was rather scant. In addition to
information on the solic den-ities, che wvariance of liquid density over the use-
ful temperature rangs of tne analysis is of importence for the change of thermal
resistance between nodes of constant raeraal mass., Once this density information
could be developed experimentally, then the volume occupied by the selected
material over a wide tempe¢rature range and in both the solid and liquid phase

can be calculated. The following procedure was followed in - =veloping this
information on three materials so far obtained.

A. Determination of Density Variation with Temperature

An initial survey of methods available for determining the density of
liquids indicated that aFeischauer pycnometer could be effectively used.
A pvcnometer, Figure 6, was cobta.ned and its effective volume at various
temperatures was determined by calibrating with knocwn weights of doubly-
deionized, distilled water.

L. dCalibration of Pvcnometer

The purified water was boiled to remove any dissolved gases and
slowly cooled to the temperature at which the density measurement

was to be made. This water was then introduced into the pycnometer
vntil the calibration mark and the meniscus of the water coincided

in the pycnometer neck. The filled pycnometer was held in a constant

temperature bath until equilibrium was reached at the desired

-11- i
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camperature then an adjustment vas made in the water level te

insure the level of the liquid was properly adjusted to the calibra-
tion mark. Once the water level had bzen adjusted to the mark at
the desired temperature the pvcnomerter was removed from the constant
temperature bath, carefully dried on the outside and weighed on a
talaace sensirive to 1/10 miiligram. The water level in the pyc-
nometer woeuld uvsually change upon removal from the temperature bath,

ut +th ERY C“zl_v

ie - o~ -~
jo25 alS Was ¢ <

£ ne guence blcause wo are now intercste
in the weight of the water concained in the pycnometer and not the
level in the pycnometer neck. The weight of the clean dry pycnometer
was now subtracted from the weight of the filled pycnumeter to deter-
mine the weight of water. This weight was converted to an appropriate
volune of water by consulting water density tables in the literatute.
We had now determined the volume of the pycncmeter to its calibrati~n
mark to tue nearest 1/10 of a milliliter. We now used this volume

to calculate a correction factor duz to buoyancy of =ir corrected

for temperature and barometric pressure at the time of the weighings.
This buoyaucy factor was added to the value obtained for the initial
weighings, thus giving the true weight of water in the pycnometer.
This adjusted weight was then used to compute the volume of the pyc-
ncmeter to the nearest 1/1000 of a milliliter. This precedure was
repeated at various temperatures to give a calibration chart for the
pycnometer. This method minimizes errors introduced by expansion

of the bottle portijon o: the pycnometer because it is calibrated

at its erpanded volume a* the temrerature. Since the pycnometer
narrows down to a capillary-like neck the surface ares exposed to

the air is =mall compared to the overall volume of liquid contained,

thus evaporation is kept at a minimum. It is estinated that density



Y R

values obtained by the Reischauer pycnometer method will have an
errcr of less than -+ (.002.

Density Determinztion

The pycnometer wa: immersed in a constant temperzture bath, at the
desired temperature, 2rd the liquid material introduced slowly until
the meniscus of the material coincides with the calibration mark.
The pycnometer is alliowed to "soak" in tue constant temperature bath

until equilibrium is attained and any nesded adjustment in the level

at the calibration mark due to expansion or ontraction cf the contents

is made. The pycnometer is removed from the bath, carefuliy dried

and weighed to constant weight. The apprepriate calculations and cor-

rections are made to give the true weight of the material in the pyc-
nometer. This true weight (in grams) is then divided by the volume
(inmilliliters) of the pycnometer at the temperature at which it
was filled, to give the density of the material in grams per milli-
liter.

For solid density measurements, the material is added as a liquid

as before, but only a small portion of the bulb of the pycnometer

is immersed in the constant temperature batl at a temperature below
the melting point. As the level of the liquid in Lhe pycnometer is
slowly raised by adding more material, the level of th. pycnometer
is lowered into the bath sc as to only be cooling that portion of
the bulb filled. This technique insures "good packing® of che soiid
and eliminates the tendency of "funneling" on solidification. The
liquid is introduced until the calibration mark is reached, removed
from the bath, dried and weighed to constant weight. This weight

is then converted to a "true weight" and the density calculated as

before. The temperature-density curves for Formic Acid, Camphene,

and n-Hexadecane are shown in Figures 7 througk 9, temperature-specific

volume curves are shown in Figures 10 through 12.
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Determination of Volume Change Jue to Phase Transition at Melting Point

Several methods were considerel for determining this important property
of the subjiect materials. On: method was a machined cylinder, Figure 6,
with a close fit.ing movable piston, the other a graduated glass cylinder
in which the change of volure could be followed vigually by means of the
graduated markings.

The machined metal cylindir was first tried but was found to be unsatis-
factory. The cylinder was filled with a known weight .f liquid Camphene
and immersed in a constint temperature bath at 120°F, The cylinder was
fiLted with a copper-censtantan thermuccvple positioned in such a manner
so as tu be as close io the center of the mass of added material as po--
sible. 1In this manner it was thouglt that the tempevature of the materijal
Leing tested could be monitored with a potentiometer continuously through-
out the phase transition. The piston was inserted iutc the machined
cylinder and allowed to settle toward the upper surface of the Camphene
liquid. It was thought tﬁat the piston would settle gradually aisplacing
air until it rested in intimate contact with the Camphene surface. The
settling was followed until no more movement was observed. 1he movement
of the piston into the cylinder was easily followed to the nearest 1/1000
inch by means of a depth micromever suppcried on the upper edge of the
machined cylinder. By avoidiug external support of this measuring device
it was thought that errors due to movement of supports would b¢ eliminaced,
Once the piston had stopped moving downward the temperature of the con-
stant temperature bath was lowered at a rate of approximately 1°F every
15 minutes. This slow temperature change was used to allow the Camphenaz
and the bath to be almost in thermal equilibrium. This equilibrium was
monitored by alternately checking the bath temperature and the Camphene

temperature with ccpper-constantan thermocouples. As the melting point

cf the Camphenc was reached (approximately 115°F) the depth micrometor
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ire znotier ivazient difficuity of the method became apparent as the

ticu:d tamphere feaked arounc the piston rather than ralising it. (fJue

chined cvlinder method was ibandoned.

o these difficulsies the m

[\

1. »z2e dec-ded teo gc tne graduzced glass cvlinder merhed,
A known voliume of the liquid materials was added tc a reference mark on
the glass cylinder, Figure €. 4 copper constantan thernocouple was in-
serted into the liquid mass of material in the glass cylinder so the
temperature couid be monitored as desired. A correction was made for
the displacement of liquid by the thermccouple wire and this value
reiordeu. The glass cylinder wvas now cooled in a temperaiure bath to
belew the melting point of the material within the cylinder. It was

founa that the technique vsod with the pycnometer whereby the f{reezing

is done in small incremerts trom the bottom of the cylinder towards the

top gave good "packing”. Althcough the 2]ues cbtained were rot as accurate

as those which would have been ottained had the machined zylinder worked
(since the volume change .ouid be meazur<d cnly to 1,10 ml) they serve

to show the crder of magnitude which can be expected wher these materials
change volume in passing through their phase transition. It is estimated
that the values obtained should have a precision of + 0.5%.

Check of Melting Points

The measurement of the melting poiuts of the candidate materials was con-

ducted by inserting a copper-constantan thermocouple into the pycnometer
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tilled with the material to be tested. The theruwocouple was referenced

to ice made from deionized water at 32°F. Both n-Hexadecane and Camphene
showed rather sharp melting points at 6i°F and 115°F respectively. Formic
Acid, however, exhibited a subcooling effect on solidification. To check
Formic Acid 1t was cocled uvantil the contents oi the pycnometer had frozen
solid. 1t was then allowed to warm up until the liquid-solid mixture
showed a slight increase in temperature. This occurred just when the last
remnants >f the solid phase melted. This slight warming occurred at

appioximately 47°F, These values obtained are considered accurate withia

[#]

1°F.

Subcocling of Formic Acid

In conducting the previous experiments it became ap.arent that Formic
Acid, when slowly cooled remained in a liquid state at temperatures
somewhat belnw its melting point. The phenomenon was investigated by
cooling the acid in a graduated cylinder slowly below its melting point
while continuously monitoring its temperature. It would be subcooled
to a temperature range of 33°F - 35°F and the material solidified in
several minutes. After soiidification the solid material would cocl

in a linear tashion. No further worl on how this sub~cocling effect
can be avoided has been done up to the present time.

Measurement of Thermal Conductivity of Liquids

y

A tentatively selected apparatus for measuring the thermaliconductivity
of 1iquids is shown in Flgure 13. This apparatus, its use and accuracy,
is described in an article, "Thermal Conductivity of Some Organic Fluids”
by 0.B. Cecil and K.H. Munch, Industrial & Engineering Chemistry 48, 1956.
Agreement between reported and measured values of thermal conductivity

of some common liquids indicate that this method of determining thermal

conductivities is reliable,
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The methed has further advantages of measuring speed and relative simpli-
citv of apparatus and instrumentation. It is, therefore, considered as
a good choice for experimental determination of liquid thermal conducti-

vity, shoula such be required in the performance of the study.




